The nucleotide sequence of the Adelaide River virus (ARV) genome was determined from the 3' terminus to the end of the nucleoprotein (N) gene. The 3' leader sequence comprises 50 nucleotides and shares a common terminal trinucleotide (3' UGC-), a conserved Urich domain and a variable AU-rich domain with other animal rhabdoviruses. The N gene comprises 1355 nueleotides from the transcription start sequence (AACAGG) to the poly(A) sequence [CATG(A)7 ] and encodes a polypeptide of 429 amino acids. The N protein has a calculated molecular mass of 49429 Da and a pI of 5.4 and, like the bovine ephemeral fever virus (BEFV) N protein, features a highly acidic C-terminal domain. Analysis of amino acid sequence relationships between all available rhabdovirus N proteins indicated that ARV and BEFV are closely related viruses (48.3 % similarity) which share higher sequence similarity to vesiculoviruses than to lyssaviruses. Phylogenetic trees based on a multiple sequence alignment of all available rhabdovirus N protein sequences demonstrated clustering of viruses according to genome organization, host range and established taxonomic relationships.
Adelaide River virus (ARV) is a rhabdovirus which, together with bovine ephemeral fever virus (BEFV) and Berrimah virus, has been classified as a member of the new genus Ephemerovirus (Wunner et al., 1994) . The virus was isolated from cattle (Gard et al., 1984) and, like other recognized viruses of the BEFV serogroup, appears to be transmitted by insects (Walker & Cybinski, 1989) . ARV and BEFV have been shown to be serologically related to rabies virus serotypes and the related viruses Obodhiang and kotonkan (Calisher et al., 1989; Walker et al., 1994) . However, the ARV and BEFV genomes are far more complex than those of other known rhabdoviruses, containing four to six long open reading frames (ORFs) between the G and L genes. In each virus, the first of these encodes a non-structural glycoprotein (GNs) which is related to the virion G protein and appears to have arisen by gene duplication (Walker et al., 1991 (Walker et al., , 1992 Wang & Walker, 1993) . In ARV, the Gss gene is followed by three long ORFs (~1, ~2 and ,6) which encode products of unknown function . In BEFV, the genome organization is similar but additional long ORFs (~3 and 7) lie within the ~2 gene and between the fl and L genes (S. M. McWilliam, J. A. Cowley, K.A. Byrne & P.J. Walker, unpublished * Author for correspondence. Fax +61 7 214 2882. e-mail walker @ dance.tap.csiro.au
The nucleotide sequence data reported here have been submitted to the EMBL and GenBank databases and assigned accession number U10363. results). We have also reported recently that, despite confirmed serological links between BEFV and lyssaviruses, the BEFV N protein is more closely related in overall sequence to those of vesicular stomatitis virus (VSV) serotypes than to rabies virus . In this paper, we report the structure of the ARV nucleoprotein (N) gene and describe structural and phylogenetic relationships between ephemerovirus and other rhabdovirus N proteins.
A cDNA library was prepared in pUC 18 by oligo(dT)-primed reverse transcription from total RNA purified from ARV-infected BHK-21 cells. Clone mM14 contained an insert of approximately 1"4 kb and appeared to represent a nearly full-length clone of the N gene. Analysis of the complete sequence of the insert on both DNA strands identified a continuous ORF extending from a methionine residue which aligned with the initiation codon of the BEFV N gene. Direct sequencing of poly(A) + RNA from ARV-infected cells using synthetic oligonucleotide primer WYH. 2 (5' GGGTTTA-GCAGGCTGGACAGCC 3'; Fig. 1 ), extended the sequence of clone mM14 by 8 nucleotides to the 5'-terminal sequence XACAGG. The 5'-terminal nucleotide of the mRNA and the 3'-terminal sequence of the ARV genome were determined from clones obtained by anchor PCR from N gene mRNA and the positive-sense antigenome respectively using primer WYH.2 and complementary synthetic oligonucleotides 156 and 2668 as described previously .
The nucleotide sequence of the ARV genome from the The consensus sequence marking the start of the N ~ne is indicated with an arrow showing the direction of transcription. The poly(A) site is underlined with an unbroken line and the priming site ~r synthetic oligonucleotide WYH .2 is shown as a broken line. A highly hydrophilic, acidic domain associated with a CKII phospho~lation site (@) is boxed.
3' terminus to the N gene poly(A) signal is shown in Fig.  1 as positive-sense DNA. The 50 nucleotide 3' leader RNA is similar to those of other animal rhabdoviruses, comprising a highly conserved U-rich terminal domain and a variable AU-rich domain preceding the N gene transcription start signal. The terminal trinucleotide (3' UGC-) and a downstream U-rich domain were present in all available leader sequences of ephemeroviruses, vesiculoviruses and lyssaviruses . In the highly conserved 3'-terminal domain of 18 nucleotides, 15 were shared with BEFV and Cocal viruses, 14 with VSV Indiana and Piry viruses, 13 with VSV New Jersey and Chandipura viruses and 10 with rabies virus and Mokola virus (Tordo et al., 1986; Niehol & Holland, 1987; Bourhy et al., 1993; . Reconstitution experiments using synthetic RNAs have indicated that in VSV this region and the complementary 5'-terminal sequence serve as polymerase promoter and N protein-binding sites (Moyer et al., 1991 ; Smallwood & Moyer, 1993; Pattniak et al., 1992) . The high level of terminal sequence conservation indicates that all three genera of animal rhabdoviruses employ similar recognition signals.
The ARV N gene comprises 1355 nucleotides from the putative transcription start consensus sequence (AACAGG) to the transcription termination/poly(A) sequence, which was confirmed as CATG(A)7 by analysis of a genomic eDNA clone that transversed the N-M1 gene junction (data not shown). The N gene contains a single long ORF of 1290 nucleotides (Fig. 1) encoding a polypeptide of 429 amino acids with calculated pI of 5.4 and molecular mass of 49 429 Da. The molecular mass is similar to that calculated for the BEFV N protein (49 159 Da) and that determined for ARV N protein (51 kDa) by SDS-PAGE Wang & Walker, 1993) . Like BEFV N protein, the ARV N protein is relatively rich in charged amino acids (13.52 % acidic; 13.05 % basic) with a relatively even distribution of basic amino acids and a more clustered distribution of acidic residues. A highly acidic region identified in the C terminus of the BEFV N protein was also evident in the ARV N protein. In ARV, this domain comprises 28 amino acids (residues 350-377) containing 15 acidic and two basic residues (Fig. 1) . This region contains a single residue (Set-371) in the conformation of a CKII phosphoacceptor which aligns precisely with a corresponding site in BEFV N protein and a known phosphorylation site in rabies virus N protein Dietzschold et al., 1987) . The hydropathy profile of the ARV N protein is also similar to that of 
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BEFV N protein, with correspondence of all significant hydrophilic and hydrophobic domains (data not shown). Pairwise sequence alignments of the ARV N protein and all available rhabdovirus N protein sequences were conducted using the Clustal V software package (Higgins & Sharp, 1989) . The pairwise alignments were used to estimate amino acid sequence similarities from the percentage of aligned identical amino acids, applying a gap penalty of 3. Highest similarity was between VSV Indiana and New Jersey serotypes (68"6 %). The BEFV and ARV N proteins shared 48-3 % similarity, which was close to that determined between other vesiculoviruses (49"0 %-55"0 %). ARV and BEFV had equivalent levels of similarity with all vesiculovirus N proteins (25"5 %-27-9%). The sigma virus N protein was less similar to vesiculoviruses and ephemeroviruses (19.3 %-21"8%). As reported previously (Bourhy et al., 1993) , lyssavirus N proteins were more closely related (78"0 %-92.7 %) than those of the other genera and had equivalent levels of similarity with all vesiculoviruses, ephemeroviruses and with sigma virus (16-7 %-19-6 %). Fish and plant rhabdoviruses were related to other viruses only at levels of similarity corresponding to random sequence alignments (9-7 %-12.6 %). The analyses indicated that, Fig. 3 . Phylogenetic analysis of rhabdovirus N proteins. The tree was generated from a Clustal V multiple sequence alignment using the Kitsch distance matrix. Horizontal branch lengths are indicative of evolutionary distances. Taxonomic classification and abbreviated nomenclature of the viruses is described in Wunner et al. (1994). in overall sequence, the BEFV and ARV N proteins have a relationship corresponding to that of most members of the Vesiculovirus genus and that both are more closely related to the vesiculoviruses than to lyssaviruses or sigma virus.
A multiple sequence alignment of the ARV N protein and the N proteins of BEFV, VSV Indiana, sigma virus and rabies virus is shown in Fig. 2 . The alignment illustrates extensive regions of sequence similarity between ARV and BEFV. As reported previously for other rhabdoviruses (Bourhy et al., 1993; Walker et al., 1994) , the central region of these N proteins is most highly conserved and the C-terminal region is the most variable. In the central region of ARV, the similarity with sigma virus was most evident. The sequence motif SYB(P/I)(H/Y)XXXXB(G/K)BSXKSPYSS (where B is a hydrophobic amino acid) was conserved in all vesiculoviruses, lyssaviruses, ephemeroviruses and sigma virus, and appears to be of functional significance. Only one region of the ARV N protein (residues 92-103) showed higher sequence similarity to rabies virus than to BEFV or the vesiculovirus N proteins. The region includes the common sequence RKGDKITP(L/G)SLV, which may explain reported serological cross-reactions between ARV and rabies virus (Calisher et al., 1989) . The alignment also illustrates a high level of conservation of proline and glycine or alanine residues, which are important determinants of angular turns (Chou & Fasman, 1978) . This is particularly evident for ephemeroviruses and vesiculoviruses. Of 34 proline/glycine residues in ARV, 31 and 30 aligned with or were adjacent to angular residues in BEFV and VSV Indiana, respectively, suggesting the proteins adopt a similar structural conformation (Fig. 2) .
A Clustal V multiple sequence alignment of 17 available rhabdovirus N protein sequences was used to construct unrooted phylogenetic trees by using the Kitsch, Fitch, neighbor-joining and UPGMA distance matrices in the PHYLIP software package. The best trees generated by all four methods were similar (Fig. 3) . The viruses clustered according to established taxonomic classification and host range. Viruses with similar genome organization also clustered but there appeared to be no direct link between phylogenetic distance and genome complexity. The analyses indicated that the ephemeroviruses are more closely related to vesiculoviruses than to lyssaviruses and that the Drosophila virus sigma clusters with those animal rhabdoviruses that replicate in insects. It has been reported previously that the sigma virus N protein appears to be an intermediate between the N proteins of lyssaviruses and vesiculoviruses (Bras et al., 1994) and we have shown that analyses of G protein sequences also clusters sigma virus with arthropod-borne rhabdoviruses (Wang & Walker, 1993) . All of the viruses in this cluster, unlike the plant rhabdoviruses, infect insects of the order Diptera, but sigma virus is transmitted vertically and has no vertebrate host. The relatively close relationship between these viruses appears to indicate an ancient phylogenetic association which has paralleled the evolution of insects. In contrast, lyssaviruses have no insect vector and are phylogenetically more distant and less variant. As originally proposed by Buckley (1975) this suggests a recent but relatively rapid niche adaptation to a totally vertebrate infection cycle. Analysis of the genome organization and nucleotide sequence of Obodhiang and kotonkan viruses, which have been isolated from insects but appear to be related to rabies and Duvenhage viruses (Buckley, 1975) , may provide further indications of the evolutionary links between lyssaviruses and the very large number of rhabdoviruses which replicate in insects.
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